In this communication, the usability of clear sky radiation for predicting the average global solar radiation has been investigated. For this aim, the various regression analyses were applied by using S/S o and S/S nh parameters. Also, equations which represent the two periods of the year, winter and summer, were developed by using these parameters. The equations developed by using S/S o and S/S nh have approximately the same results. Having the better values of the equations developed by using the change of summer and winter is another result. In addition, the use of the RMSE and MBE in isolation is not an adequate indicator of model performance. Using the t-statistic method and the harmony of results obtained with each method prove that the results are reliable.
Introduction
The solar radiation, through atmosphere, reaching the earth's surface can be classified into two components: beam radiation and diffuse radiation. Beam radiation is the solar radiation propagating along the line joining the receiving surface and the sun. It is also referred to as direct radiation. Diffuse radiation is the solar radiation scattered by aerosols, dust and molecules, it does not have a unique direction. The total radiation is the sum of the beam and diffuses radiation and is sometimes referred to as the global radiation. When the amount of diffuse radiation reaching the earth's surface is less than or equal to 25% of global radiation, the sky is termed as clear sky.
In many applications of solar energy, the solar irradiance incident on the surface of the earth at the location of interest is an important input parameter. The temporal and spatial fluctuations of such irradiance necessitate a method to predict them. The systematic variation of solar irradiance outside the earth's atmosphere makes it possible to introduce many models for such prediction [1] .
Knowledge of global solar irradiance at a site is essential for the proper design and assessment of flat plate types solar energy conversion systems. Some of the systems such as concentrating systems require information on direct beam component whereas in the case of tilted plain surfaces the diffuse component of solar irradiance is also important for the computation of system performance [2] . However, at locations on the Earth's surface, the solar radiation is also a function of such variables as the nature and extent of cloud cover, the aerosol and water vapour content of atmosphere, etc. Good prediction of the actual value of solar irradiance for a given location requires, in principle, long-term, average meteorological data, which are still scarce for developing countries [3] [4] [5] . It is, therefore, not always possible to predict the actual value of solar irradiance for a given location.
There are several formulae that relate global radiation to other climatological parameters such as sunshine hours, relative humidity, max. temperature, and average temperature. The first correlation proposed for estimating the monthly average daily global irradiation is due to Angstrom [6] . The original Angstrom-type regression equation related monthly average daily radiation to clear day radiation at the location in the question and average fraction of possible sunshine hours:
A basic difficulty with Eq. (1) lies in the ambiguity of the terms S/S o and H c . Page [7] and the other have modified the method to base it on extraterrestrial radiation on a horizontal surface rather than on clear sky day radiation.
H/H o = a' + b'(S/S o )
Where H o is the extraterrestrial radiation (MJ/m 2 ) and a'
and b' are constant depending on location. In spite of having complication of H c calculations, the better results were obtained by using H c instead of H o [8] .
The major objective of this article is to investigate usability of clear sky radiation to predict and express the average measured values of solar irradiance on a horizontal surface by using various regression analyses in Yemen.
Estimation of clear sky radiation
Hottel [9] has presented a method for estimating the beam radiation transmitted through clear atmospheres which takes into account zenith angle and altitude for a standard atmosphere and four climate types. The atmospheric transmittance for beam radiation τ b is given in the form:
The constant a o , a 1 and k for the standard atmosphere with 23 km visibility are found from a o *, a 1 * and k* which are given for altitudes less than 2.5 km by a o * = 0.4237 -0.00821(6 -A) 2 (4) a 1 * = 0.5055 + 0.00595(6.5 -A)
where A is the altitude of the observer in kilometers.
The correction factors are applied to a o *, a 1 * and k* to allow for changes in climate types.
The correction factors r o = a o / a o *, r 1 = a 1 / a 1 * and r k = k/ k* are given in Table 1 .
Thus, the transmittance of this standard atmosphere for beam radiation can be determined for any zenith angle and any altitude up to 2.5 km. The clear sky beam radiation (G cb ,
Where G on is the extraterrestrial radiation, measured on the plane normal to the radiation on the nth day of the year and given in the following form (W m 
Where G sc is the solar constant and is equal to
The clear sky horizontal beam radiation is
It is also necessary to estimate the clear sky diffuse radiation on a horizontal surface to get the total radiation Liu and Jordan [10] developed in an empirical relationship between the transmission coefficient for beam and diffuse radiation for clear days. 
The clear sky global solar radiation is given by
Data
The objective of this study is to develop some statistical relations to estimate monthly mean daily global solar radiation by using clear sky radiation in Yemen. For this aim, the department of Physics of Sana'a University, the Meteorological Department of the Civil Aviation and Meteorological Authority in Sana'a installed on the roof of the Faculty of Science building a few Eppley pyranometers and a pyrheliometer comprising electronic integrators and printers for recording global, diffuse and beam solar irradiances. An actinograph and a Campbell-Stokes sunshine recorder were also installed at the same site. These instruments are often checked and calibrated to maintain an accuracy of at least 5 per cent. The maximum difference between the actinograph records and the Eppley pyranometer which registers global irradiance does not exceed 5 per cent. Another meteorological station in Sana'a is the airport station which has been recording duration of sunshine and global solar irradiance by means of an actinography. There are meteorological stations in five other towns of Yemen [2] .
The longitude, latitude and altitude of the six cities are given in Table 2 . The measured values of the monthly average global solar radiation G and the monthly average daily hours of bright sunshine S for six locations are given in Table 3 . G c values calculated for six cities are given in Table  4 . The correlations have been studied by using both the ratios S/S o and S/S nh , where S nh is the monthly mean sunshine duration taking into account the natural horizon of the site, and is given in the following equation
In this work, we developed equations to estimate monthly mean global solar radiation G, applying various regression types to parameter such as S/S o and S/S nh . The effects which the solar radiation is exposed to until it reaches to the earth from the atmosphere change a lot for winter and summer. Therefore it will be a true approach to compute the reaching monthly mean global solar radiation for both summer (April -September) and winter (October -March). Thus the relation between G/G c = ƒ (S/S o ) and G/G c = ƒ (S/S nh ) were investigated by different regression analyses for the whole year as well as for the two period of the year i.e. summer & winter.
The values of G were estimated by using these developed equations. These values were then compared with original measured values for each city. 
Equations
The following equations were obtained when we investigated the relation between S/S o and G/G c by trying different regression types. The scatter of monthly mean values between S/S o and G/G c are given in 
Comparison Methods
In this study, two statistical tests, root mean square error (RMSE) and mean bias error (MBE), and t-statistic were used to evaluate the accuracy of the correlations described above.
Root mean square error
The root mean square error is defined as
where G i,pre is ith predicted value, G i,meas is the ith measured value, and N is the total number of observations. The RMSE is always positive, a zero value is ideal. This test provides information on short-terms performance of the correlation by arranging a term by term comparison of the actual deviation between the calculated value and the measured value. The smaller the value, the better the model's performance. However, a few large errors in the sum can produce a significant increase in RMSE.
Mean bias error
The mean bias error is defined as
This test provides information on the long term performance. A low MBE is desired. Ideally a zero value of MBE should be obtained. A positive value gives the average amount of over-estimation in the calculated value and vice versa. A drawback of this test is that over estimation of an individual observation will cancel under estimation in a separate observation.
It is obvious that each test by itself may not be an adequate indicator of a model's performance. It is possible to have a large RMSE value and at the same time a small MBE (a large scatter about the line of perfect estimation). On the other hand, it is also possible to have a relatively small RMSE and a relatively large MBE ( a consistently small over -or under -estimation).
However although these statistical indicators generally provide a reasonable procedure to compare models, they do not objectively indicate whether a model's estimates are statistically significant, i.e., not significantly different from their measured counterparts. In this article an additional statistical indicator, the t-statistic was used. This statistical indicator allows models to be compared and at the same time indicate whether or not a model's estimates are statistically significant at a particular confidence level [11] . It was seen that the t-statistic used in addition to the RMSE and MBE gave more reliable and explanatory results [12] .
Derivation of the t-statistic from the RMSE and MBE
The t-statistic is defined as [13] ,
where N is the numbers of data pairs, d i is the difference between ith estimated value and ith measured value and S is the standard deviation of the difference between estimated and measured values and is given by:
Rearranging the equations (25) and (26) gives; 
Substituting for S in equation (40) yields:
The smaller the value of t, the better is the model's performance. To determine whether a model's estimates are statistically significant, one simply has to determine a critical t value obtainable from standard statistical tables, at a particular confidence level, i.e. t α/2 at the α level of significance and (N-1) degrees of freedom. For the model's estimates to be judged statistically significant at the 1-α confidence level, the calculated t value must be less than the critical t value.
Results and Discussion
If we group the developed equations which include different variables and two period of year, the comparison will be more detailed. It was shown in Table 5 that the good results were not seen in the short term but, relatively good results were seen in the long term. Eq. (17) has the best result among the equation developed in Group I. Similarly the best MBE and RMSE values were obtained by Eq. (22) in Group II. Considering the whole country and each city, the performances of developed equations are different. Therefore, the MBE and RMSE values of the developed equations for each city were calculated. The results of the statistical comparison are given in Table 6 .
At the first view, it was seen that the MBE and RMSE values of Although the models give good results for the whole country (Table 5 ), the highest errors were obtained for cities ( Table 6 ). These tables did not include adequate information about performance of the developed equations. In addition to the above mention investigation of results of the t-statistic method which is applied to the equation developed, can be useful. The critical t-values are shown in Table 7 . t-values higher than the critical t-values show that the equation has no statistical significance.
In Table 7 , having higher t-values than the critical tvalue, a lot of equations are statistically significant because of having lower t-values than the critical t-value. Equations of Group I and III has unlogical results, but equations of Group II and IV showed good and logical results in case of Sana'a, El Khaber and El Macha. In case of El Boun equations of Group I and III gave significant results, but equations of Group II and IV could not. In case of Hodeidah Eq. A summary of the developed equations which gave the better results, according to the whole country and cities can be clearly seen in Table 8 . As can be understood from Tables 5, 6, 7 and 8, for the whole country, the equations which include two periods of the year, summer and winter, should be preferred because of having the best results and also for Sana'a, El khaber and El Macha. But for El Boun, Hodeidah and Taiz equations developed for the whole year are preferred because of the better results.
Having approximately the same performance, comparison of S/S o and S/S nh ratios is more difficult.
Conclusions
In this study, first of all it was seen that the clear sky solar radiation can be used to estimate the global radiation in Yemen.
It was seen that the equations which include the summer and winter periods gave the better results, than the others in all of the developed equation (Table 5 ). It is a predictable result that the performance of the equations is different for the whole country and for the cities.
Eq. (17), (19) -(22), (24), (29), (31) -(33) and (36) gave the best results among all of the developed equations. It can be said that all the analyses were harmonious.
Finally these results clearly indicate that reliance on the RMSE and MBE used separately can lead to a wrong decision in selecting the best model suited from the candidate models and that the use of the RMSE and MBE in isolation is not an adequate indicator of model performance. Therefore, the t-statistic should be used in conjunction with Greek symbols θ z = zenith angle (degree) τ b = atmospheric transmittance for beam radiation τ d = atmospheric transmittance for diffuse radiation ω = the sunset hour angle, the angular displacement of the sun east or west of the local meridian due to the rotation of the earth on its axis at 15 o per hour (morning negative afternoon positive), in degrees ϕ = latitude, the angular location north or south of the equator, north positive δ = declination angle ______________________________ References
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